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Experiment @ C. Monroe’s lab with trapped ion spins (Nature ' /)
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Message(s) of the talk:

Impact of quantum fluctuations out-of-equilibrium:

|) create novel phases close to dynamical critical point
(chaotic dynamical ferromagnet)
A. Lerose, JM, B. Zunkovic, A. Gambassi, A. Silva (PRL 2018)+ ArXivI807.09797 (2018)

2) can be tamed by a periodic drive

(and stablise a many body Kapitza pendulum)
A. Lerose, JM, A. Gambassi, A. Silva, arXiv | 803.04490 (2018)
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Chaotic dynamical phase: a general phenomenon
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‘Self periodically driven’ light-cone
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Quantum many body Kapitza phases
of periodically driven spin systems
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NEQ phase diagram under periodic drive (Lipkin)
H = —JZO';UO';? — B(t) Zaf
i ;

KK

1.5
Bo/ Jo

2.0

2.5

equilibrium phase diagram

B(t) = By + 0B cos(£t)

Dynamical Phases

P paramagnetic
K Kaprtza
Fl|, F1  ferromagnetic



Dynamical ferromagnet
& chaotic trajectories around the unstable paramagnetic point
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& chaotic trajectories around the unstable paramagnetic point

Stroboscopic trajectories of the order parameter on the Bloch sphere
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Dynamically stabilised (one-body) Kaprtza phase
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Dynamically stabilised (one-body) Kaprtza phase
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(Dynamically stabilized) Unconventional ferromagnetic phase
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(Dynamically stabilized) Unconventional ferromagnetic phase

Bo/Jo=12, Q/Jy=5
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NEQ phase diagram under periodic drive

Phase diagram persists under quantum fluctuations N 7
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NEQ phase diagram under periodic drive

Phase diagram persists under quantum fluctuations
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Time-dependent spin wave theory (reminder)
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Dynamically stabilised (many-body) Kaprtza phase
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H(t)=E(t)+2) |(B(t) - 2Jk)‘7”°’g"“ - B(t) 2Lk

e '

energy of the 8=0 spin coherent configuration

Static (undriven) model:

WEp — Q[Bo<B0 — Z{k)]1/2

Fourier transform of the long-range interaction

Jk’ > BO/2 band of unstable modes! o Y -

m Undriven
m Driven

Effective dispersion relation becomes real for selected driving B(?):
simultaneous dynamical stabilisation of the whole band of spin waves



Dynamical stabilisation and spin wave density: pre-relaxation

By/Jo=12, Q/Jy=8, a=1, N =100

Dynamical ferromagnet Heating (unstable paramagn.)

QOJ

0.02|
w

10 20 30 40 50
tdh

Many-body Kapitza Unconventional ferromagnetic order

(> 4j0 off-resonance with spin-waves band T(heating) < €XP(~ Q/Jo)
Mori et al. PRL ("1 6); Abanin et al. PRB ("17)



Summary

Impact of quantum fluctuations out-of-equilibrium:

|) novel phases at a dynamical critical point: =
chaotic dynamical ferromagnet 020
Lerose, JM, B. Zunkovic, A. Gambassi, A. Silva (PRL 2018) B
+ ArXiv 1807.09797 (2018) &

0.10

0.05

0.00

2) can be tamed by a periodic drive
and stablise a many body Kapitza pendulum

A. Lerose, JM, A. Gambassi, A. Silva, arXiv|803.04490 (2018)




